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(57) Abstract: A compound of formula (I) wherein A represents (11), (HI), (IV), (V) or (VI); R represents hydrogen or m^yl; R' 

^ and R- are independendy hydrogen, or C1-C4 alkyl; R^ and R^ are independenUy hydrogen, Cj-ci, alkyl or SAr, provided diat at 
least one of R^ and R'* represents SAr; Ar represents a 5- or 6-membered aromatic or heteroaromatic ring containing zero to three 
nitrogen atoms, zero or one oxygen atom, and zero or one sulfur atom or an 8-, 9- or 10-membered fused aromatic or heteroaromatic 
ring system containing zero to four nitrogen atoms, zero to one oxygen atom, and zero to one sulfur atom which may optionally 
be substimted with one or more substituents selected from: hydrogen, halogen, C1-C4 alkyl, C2-C4 alkenyl, C2-C4 alkynyl, aiyl, 

2 heteroaryl, -C02R\ -CN, -NO2, -NR*R\ -CF3, -OR«; R^ R^ R', and R^ are independently hydrogen, C1-C4 sJkyl aryl, heteroaiyl, 
-C(0)R^. -C(O)NHR'0, -C(0)R", -SO2R*-, or, R* and R' may logedier be (CH2)j<3(CH2)k where Q is O, S, NR", or, a bond; j is 

O 2 10 7; k is 0 to 2; R*, R'^ R", R'2, and are independendy CrC4 alkyl, aryl, or heteroaryl; or an enantiomer thereof, and die 
pharmaceuticaUy acceptable salts thereof, processes for preparing them, pharmaceutical compositions containing them and their use 

^ in dierapy, especially in the treatment or prophylaxis of psychotic disorders and intellectual impairment disorders. 
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QUINUCLIDINE ACRYLAMIDES 

Technical Field 

This invention relates to novel quinuclidine acrylamides or pharmaceutically 
acceptable salts thereof, processes for preparing them, pharmaceutical compositions 
5 containing them and their use in therapy. A further object is to provide active compounds that 
are potent hgands for nicotinic acetylcholine receptors (nAChRs). 
Background of the Ipvention 

The use of compoxmds which bind nicotinic acetylcholine receptors in the treatment of 
a range of disorders involving reduced cholinergic function such as Alzheimer's disease, 
10 cognitive or attention disorders, anxiety, depression, smoking cessation, neuroprotection, 

schizophrenia, analgesia, Tourette's syndrome, and Parkinson's disease has been discussed in 
McDonald et al. (1995) "Nicotinic Acetylcholine Receptors: Molecular Biology, Chemistry 
and Pharmacology", Chapter 5 in Annual Reports in Medicinal Chemistry, vol. 30, pp. 41o0, 
Academic Press Inc., San Diego, CA; and in Williams et al. (1994) "Neuronal Nicotinic 
15 Acetylcholine Receptors," Drug News & Perspectives, vol. 7, pp. 205-223. 

Quinuclidine acrylamide derivatives as potential antitussive agents are known in the 
art, in EP-A2-58 1,165. Indole derivatives are known in the art, e.g. in WO94/20465. 
Disclosure of the Invention 

According to the invention it has been found that compounds of formula I, 
20 wherein: 



H R3 




A represents: 

cx sr .,0* . e£>- 

II HI IV V VI 

25 

R represents hydrogen or methyl; 

SXJBSnTUTE SHEET (RULE 26) 
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and R- are independently hydrogen, or C1-C4 alkyl; 
R^ and are independently hydrogen, CJ-C4 alkyl or SAx, provided that at least one 

of R^ and R"* represents SAr; 

At represents a 5- or 6-membered aromatic or heteroaromatic ring containing zero to 
5 three nitrogen atoms, zero or one oxygen atom, and zero or one sulfur atom or an 8-, 9- or 10- 
membered fused aromatic or heteroaromatic ring system containing zero to four nitrogen 
atoms, zero to one oxygen atom, and zero to one sulfur atom which may optionally be 
substituted with one or more substituents selected from: hydrogen, halogen, C1-C4 alkyl, C2- 
C4 alkenyl, C2-C4 alkynyl, aryl, heteroaryl, -C02RS -CN, -NO2, -NR^R', -CF3, -OR'; 
16 R*, R*, R\ and R^ are independently hydrogen, C1-C4 alkyl, aryl, heteroaryl, 

-C(0)R', -C(0)NHR^^ -C(0)R*\ ~S02R^' , or, 

R^ and R^ may together be (CH2) jQiCHj^ where Q is O, S, NR'^ or, 

a bond; 

j is 2 to 7; 
15 kis0to2; 

R^ R*^, R^ R'\ and R'\ are independently C1-C4 alkyl, aryl, or heteroaryl; 
or an enantiomer thereof, and the phannaceutically acceptable salts thereof are potent 
ligands for nicotinic acetylcholine receptors. 

Unless otherwise indicated, the C1-C4 alkyl groups referred to herein, e.g., methyl, 
20 ethyl, n-propyl, n-butyl, i-propyl, i-butyl, t-butyl, s-butyl, whether alone or part of another 
group, may be straight-chained or branched, and the C3-C4 alkyl groups may also be cyclic, 

e g.» cyclopropyl, cyclobutyl. 

Unless otherwise indicated, aryl refers to a phenyl ring which may optionally be 
substituted with one to three of the following substituents chosen from among the following: 
25 halogen, C1-C4 alkyl. C2-C4 alkenyl, C2-C4 alkynyl, C02R\ -CN, -NO2, -NR'R', -CF3, - 
OR'^ 

Unless otherwise indicated, heteroaryl refers to a 5- or 6-membered aromatic or 
heteroaromatic ring containing zero to three nitrogen atoms, zero or one oxygen atom, and 
zero or one sulfur atom, provided that the ring contains at least one nitrogen, oxygen, or sulfur 
30 atom, which may optionally be substituted with one or more substituents chosen from among 
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the following: halogen, C1-C4 alkyl, C2-C4 alkenyl, C2-C4 alkynyl, -CN, -NO2, - 

NR*R',-CF3.-OR*. 

Unless otherwise indicated, halogen refers to fluorine, chlorine, bromine, or iodine. 

Pharmaceutically acceptable derivatives include solvates and salts. For example, the 
5 compounds of formula I can form acid addition salts with acids, such as the conventional 
pharmaceutically acceptable acids, for example, maleic, hydrochloric, hydrobromic, 
phosphoric, acetic, fumaric. salicylic, citric, lactic, mandelic, tartaric and methanesulfonic 
acids. 

In a preferred embodiment of this aspect of the invention, is compound according to 
1 0 formula I, wherein A represoits: 

R1 

er 

H 
II 

or an enantiomer thereof, and the phannaceutically acceptable salts thereof. 

Preferred compounds of the invention include compounds of formula I wherein R\ 
and one of or R"* are hydrogen; 

^ ^ Preferred compounds of the invention further comprise compounds of formula I 

wherein Ar represents a 5- or 6-membered aromatic or heteroaromatic ring containing zero to 
three nitrogen atoms, zero or one oxygen atom, and zero or one sulfur atom, including phenyl, 
2-pyridyl, or 2-pyrimidinyl, any of which may optionally be substituted with one or more 
substituents chosen from among the following: hydrogen, halogen, C1-C4 alkyl. C2-C4 

20 alkenyl, C2-C4 alkynyl, -COjR', -CN, -NO2, -NR^R\ -CF3, -OR^ 

Preferred compounds of the invention further comprise compounds of formula I 
wherein Ar is an heteroaromatic ring. 

Preferred compounds of the invention further comprise compounds of formula I 
wherein Ar is a 6-membered aromatic or heteroaromatic ring, containing zero to two nitrogen 
25 atoms. 

Preferred compounds of the invention include the following: 

N-i 1 -A2a-bicyclo[2.2,2]oct-3-yl)[Z-3-(phenylthio)propenamide] hydrochloride; 

A/^"(l-Aza.bicycIo[2.2.2]oct.3-yl)[Z-3-(4-methylphenylthio)propenamide]; 
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A^-(l-Aza-bicyclo[2.2.2]oct-3-yI)[EO-(4-methylphenylthio)propenaniide]; 

N'i 1 -A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-methylphenylthio)propenamide]; 

N'( 1 -Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(3-methylphenylthio)propenamide] ; 

/V-{l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-methylphenylthio)propenamide]; 
5 A^-( 1 -Aza-bicyclo[2.2.21oct-3-yl)[E-3-(2-methylphenylthio)propenamide] ; 

iV-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-methoxyphenylthio)propenamide]; 

A^-(l-A2a-bicyclo[2.2,2]oct-3-yI)[E-3-(4-niethoxyphenylthio)propenamide]; 

iV-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-methoxyphenylthio)propenamide]; 

A^-( 1 -Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(3-methoxyphenylthio)propenamide] ; 
1 0 l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-methoxyphenylthio)propenamide]; 

N'{ 1 -A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-methoxyphenylthio)propenamide] ; 

iSr-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyridylthio)propenainide]; 

;V-( 1 -Aza-bicyclo [2.2 .2]oct-3-yl)[E-3-(2-pyridylthio)propenainide] ; 

;\^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-pyridylthio)propenamide]; 
15 ;\^(l-Aza-bicyclo[2.2,2]oct-3-yl)[E-3-(4-pyridylthio)propenamide]; 

//-(l-Aza-bicyclo[2.2.2]oct-3-yl)[ZO-(2«pyriniidinylthio)propenamide]; 

N-( 1 -A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-pyiimidinylthio)propenam^ ; 

;V-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-methyl-3-furanylthio)pr^^ 

iV-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3K2-methyl-3-furan 
20 ;\^(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-imidazolylthio)propenamide 

iV^(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(phenylthio)-3-(methyl)propenaim 

//-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-benzothia2olylthio)propenamide]; 

A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-benzothiazolylthio)propenamide]; 

A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3Kl-niethyl-2-imida2olylthio)propena^ 
25 A^-( I -Aza-bicyclo[2.2.2]oct-3-yl)[E-3-( 1 -methyl-2-imidazolylthio)propenamide]; 

A^<l-A2a.bicyclo[2.2.2]octO-yl)[Z-3K5-methyl.l,3,4-thiadiazol-2^ 

ylthio)propenainide] ; 

iV.(l-Aza-bicyclo[2.2.2]oct.3-yl)[EO-(5-methyl-l,3,4.thiadia2ol-2- 

ylthio)propenamide] ; 

30 A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-chlorophenylthio)propenarnide]; 
N-(l-A2a-bicyclo[2.2.2]octO-yl)[Z-3-(2-thiazolylthio)propenamide]; 
//-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-thienyIthio)propenamide3; 
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N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-thienylthio)propenamide3; 

A/-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-benzoxazolylthio)propenainide]: 

N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-benzoxazolylthio)propenamide]; 

N-( 1 -Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-trifluoromethyl-2- 

pyrimidinylthio)propenainide]; 

N-i 1 -Aza-bicycIo[2.2.2]oct-3-yl)[Z-3-(4-fluorophenylthio)propenamide]; 

N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(4-nuorophenylthio)propenamide]; 
A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-thiazolo[4,5-b]pyridylthio)propenamide]; 
r'i?;-N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-thia2olo[4,5-b]pyridylthio)propenamide] 
A(-(l-Aza-bicyclo[2.2.2]oct-3-yI)[Z-3-(3-fluorophenylthio)propenamide]; 
N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(3-fluorophenylthio)propenamide]; 
or an enantiomer thereof, and the phamaceutically acceptable salts thereof 

Particularly preferred compounds of the invention include the following: 
r;?>-N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(phenylthio)propenamide] hydrochloride; 

r7?;-A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-methyIphenylthio)propenamide]; 

ri?;-iV-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(4-methylphenylthio)propenamide]; 

(7?;-A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-methylphenylthio)propenamide]; 

fK;-N^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(3-methylphenylthio)propenamide]; 

^/?;-AKl-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-methylphenylthio)propenainide]; 

r^;-A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-methylphenylthio)propenamide]; 

r/?;-A^-(l-Aza-bicyclo[2.2.23oct-3-yl)[Z-3-(4-methoxyphenylthio)propenamide]; 

fR;-N-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(4-methoxyphenylthio)propenamide]; 

rR;-JV-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-methoxyphenylthio)propenamide]; 

r/J;-A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(3-methoxyphenylthio)propenamide]; 

(R)-M-i 1 - Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-methoxyphenylthio)propenamide] ; 

fK;-N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-methoxyphenylthio)propenamide]; 

r/i>AKl-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyridylthio)propenamide]; 

rK;-N-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-pyridylthio)propenamide]; 

(R}-N-i 1 -A2a-bicyclo[2.2.21oct-3-yl)[Z-3-(4-pyridylthio)propenamide]; 
( (R)-N-( 1 -Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(4-pyridylthio)propenamide]; 

r/?;-Ar-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyrimidinylthio)propenamide]; 

(7?;-Ar-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-pyrimidinylthio)propenamide]; 
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('/?;-A^-(l-A2a-bicyclo[2.2.2]octO-yl)[Z-3-(2-methyl-3-furanylth^ 
^/?>A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-methyl-3-furanylthio)propenam 
(7y-A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-imidazolylthio)propenam^ 
^/?;-A^Kl-A2a-bicyclo[2,2.2]octO-yl)[ZO-(phenylthio)-3-(methyl)propenami 
5 r/?;-A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-ben2othiazolylthio)propenam 
^/?;-M(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-ben20thiazolylthio)propen^^ 
f7?^-A^Kl-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(l-methyl-2-imidazolylthio)^^^ 
(7?>N-(l-A2a-bicyclo[2.2.2]oct-3-yI)[E-3-(l-methyI-2-imidazolylthio)propenamide]; 
r/^>^^-(l-Aza-bicyclo[2.2.2]octO-yl)[ZO-(5-methyl-l,3,4-thia^^ 

1 0 y lthio)propenamide] ; 

r/y-M(l-A2a.bicyclo[2.2.2]octO-yl)[EO-(5-methyl-13AtW 
ylthio)propenamide] ; 

(7f>N-(l-Aza-bicyclo[2,2.2]oct-3-yl)[Z-3-(4-chloix>phenylthio)propenam 
^/?;-N-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-thia2olylthio)propenamide]^ 

15 (7?>A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-thienylthio)propenam 
(72>A^Kl-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-thienylthio)propenam 
^i?>A^-( 1 - Aza-bicy clb [ 2 .2 .2 ]bc t-3 -y 1) [Z-3 -(2-ben^ 
' (7?>-Af-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-ben20xa2olyIthio)pro^ 
r/J;-A^(l-Aza-bicycIo[2.2.2]octO-yl)[Z-3-(4.trifluoromethy 

20 pyrimidiny lthio)propenamide] ; 

(R)-N'i 1 -A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-fluorophenylthio)propenamide] ; 
(7J;-A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(4-fluorophenylthio)propen 
f7?>A^-(l-A2a-bicyclo[2.2.23octO-yl)[Z-3-(2-thia2olo[4,5-b]pyri^ 
(CR>-A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3K2-thiazolo[4,5-b]pyridy 

25 (7?>A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-fluorophenylthio)pro^ 

fK>iS^(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(3-fluorophenylthio)p^ 

or an enantiomer thereof, and the pharmaceutically acceptable salts thereof. 

Further particularly preferred compounds of the invention includes: 
^i?>-Ar-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyridylthio)propenaniide]; 

30 r/y-^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[EO-(2-pyridylthio)propenamide]; 

(R)'N-{ 1 -A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyrimidinylthio)propenainide]; 

or an enantiomer thereof, and the pharmaceutically acceptable salts thereof 
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Methods of Preparation 

In the reaction schemes and text that follow, R', R-, R' and R\ unless otherwise 
indicated, are as defined above for formula VII. The compounds of formula VII may be 
5 prepared according to the methods outlined in Scheme 1. 



H R3 



10 



O 

A N-H IX 



R2 O 



Rl 
VIII 




Scheme 1 



Compounds of formula I may be prq>ared from compounds of formula H by reaction 
with a compound of formula m, wherein X represents a suitable leaving group, using a 
suitable acylation procedure. 

Suitable leaving groups X include: OH, halogen, OAlkyl, OAryl, OCOAlkyl, 
1 5 OCO Aryl, azide. A suitable acylation procedure involves treatment of a compound of formula 
n with a compound of fomiula ffl at 0-120 °C in a suitable solvent. The presence of a base, 
or, when X=OH, a coupUng agent, may also be necessary for the reaction to occur. Suitable 
bases for the reaction include: 4-(MAf-dimethylamino)pyridine, pyridine, triethylamine, N.N- 
diisopropylethylamine. The preferred base is MA^-diisopropylethylamine. Suitable coupling 
20 agents when X=OH include: caibodiimides, for example 1 ,3-dicyclohexylcarbodiimide or 1 - 
(3-dimethylaminopropyl-3-ethylcarbodiimide hydrochloride; phosphonium reagents, for 
example benzotriazol-l-yloxytris(dimethylamino)phosphonium hexafluorophosphate or 
benzotriazol-l-yloxytripyrrolidinophosphoniumhexafluorophosphate; and uronium reagents, 
for example O-benzotriazol-l-yl-MA'IA^'.A^-tetramethyluronium tetrafluoroborate. The 
25 preferred coupling agent is O-benzotriazol- 1-yl-M A^.N' A/'-tetramethyluronium 

tetrafluoroborate. Suitable solvents for the reaction include MA^-dimethylformamide, 
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dimethylsulfoxide, letrahydrofuran, or chloroform. The preferred solvent is N.N- 
dimethylformamide. The reaction is preferably performed at a temperature of 0-50 **C, and 
most preferably at a temperature of 20-30 **C. 

Compounds of formula II in which R" represents an alkyl group may be prepared from 
5 compounds of formula II in which R- represents hydrogen by a suitable alkylation procedure. 

Tj^ical alkylation procedures include treatment with an appropriate alkyl halide or 
sulfonate ester and base, for example sodium hydride, in a suitable solvent, for example DMF, 
or reductive alkylation using the appropriate aldehyde or ketone together with a suitable 
reducing agent in an inert solvent. The preferred method is reductive alkylation. Suitable 
10 reducing agents include sodium borohydride and sodium cyanoborohydride. The preferred 
reducing agent is sodium borohydride. Suitable inert solvents include water, methanol or 
ethanoL The preferred solvent is methanol. The reaction is usually conducted at a temperature 
of 0 ""C to 100 X, preferably from 20 to 65 ^C. 

Compounds of formula II and HI are either commercially available, or may be 
15 prepared by methods known to one skilled in the art. For example compound III may be 
prepared as shown in Scheme 2 according to the method described by G. Joshi, etal.. 
Chemistry and Indust^^^^^ 



H R3 

O O 




HSAr ^ 



Hi 



20 Scheme 2 



Use of compounds II and III as intermediates in a synthesis of a ligand for nicotinic 
acetylcholine receptors is another aspect of the invention. 

Where necessary, hydroxy, amino, or other reactive groups may be protected using a 
25 protecting group as described in the standard text "Protecting groups in Organic Synthesis", 
3"* Edition (1999) by Greene and Wuts. 

The above described reactions, unless otherwise noted, are usually conducted at a 
pressure of about one to about three atmospheres, preferably at ambient pressure (about one 
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atmosphere). Unless otherwise stated, the above-described reactions are conducted under an 
inert atmosphere, preferably under a nitrogen atmosphere. 

The compounds of the invention and intermediates may be isolated from their reaction 

mixtures by standard techniques. 
5 Acid addition salts of the compounds of formula I which may be mentioned include 

salts of mineral acids, for example the hydrochloride and hydrobromide salts; and salts 
formed with organic acids such as formate, acetate, maleate, benzoate, tartrate, and fumarate 
salts. 

Acid addition salts of compounds of formula I may be formed by reacting the free base 
10 or a salt, enantiomer or protected derivative thereof, with one or more equivalents of the 
appropriate acid. The reaction may be carried out in a solvent or medium in which the salt is 
insoluble or in a solvent in which the salt is soluble, e.g., water, dioxane, ethanol, tetrahydro- 
furan or diethyl ether, or a mixnire of solvents, which may be removed in vacuum or by freeze 
drying. The reaction may be a metathetical process or it may be carried out on an ion 
15 exchange resin. 

The compounds of formula I exist in tautomeric or enantiomeric forms, all of which 
are included within the scope of the invention. The various optical isomers may be isolated by 
separation of a racemic mixture of the compounds using conventional techniques, e.g. 
fractional crystallization, or chiral HPLC. Alternatively the individual cnantiomers may be 
20 made by reaction of the appropriate optically active starting materials under reaction 
conditions which will not cause racemization. 
Pharmaceutical Compositions 

A further aspect of the invention relates to a pharmaceutical composition for treating 
or preventing a condition or disorder as exemplified below arising from dysfunction of 
25 nicotinic acetylcholine receptor neurotransmission in a mammal, preferably a human, 
comprising an amount of a compound of formula I, an enantiomer thereof and/or a 
pharmaceutically acceptable salt thereof, effective in treating or preventing such disorder or 
condition and an inert pharmaceutically acceptable carrier. 

For the above-mentioned uses the dosage administered will, of course, vary with the 
30 compound employed, the mode of administration and the treatment desired. However, in 
general, satisfectory results will be obtained when the compounds of the invention are 
administered at a daily dosage of from about 0. 1 mg to about 20 mg per kg of mammalian 
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body weight, preferably given in divided doses 1 to 4 times a day or in sustained release form. 
For man, the total daily dose is in the range of from 5 mg to 1,400 mg, more preferably from 
10 mg to 100 mg, and unit dosage forms suitable for oral administration comprise from 2 mg 
to 1,400 mg of the compound admixed with a solid or liquid pharmaceutical carrier or diluent. 
5 The compounds of formula I or an enantiomer thereof and/or pharmaceutically 

acceptable salts thereof, may be used on their own or in the fomi of appropriate medicinal 
preparations for enteral, parenteral, oral, rectal or nasal administration. According to a further 
aspect of the invention, there is provided a pharmaceutical composition preferably comprising 
less than 80% and more preferably less than 50% by weight of a compound of the invention in 
10 admixture with an inert pharmaceutically acceptable diluent or carrier. 
Examples of suitable diluents and carriers are: 

- for tablets and dragees: lactose, starch, talc, stearic acid; for capsules: tartaric acid or 
lactose; 

- for injectable solutions: water, alcohols, glycerin, vegetable oils; for suppositories: natural 
15 or hardened oils or waxes. 

There is also provided a process for the preparation of such a pharmaceutical 
composition which comprises mixing the ingredients simultaneously or sequentially. 
- Utility 

A further aspect of the invention is the use of a compound according to the invention, 
20 an enantiomer thereof or a pharmaceutically acceptable salt thereof, in the manufacture of a 
medicament for the treatment or prophylaxis of one of the below mentioned diseases or 
conditions; and a method of treatment or prophylaxis of one of the below mentioned diseases 
or conditions, which comprises administering a therapeutically effective amount of a 
compound according to the invention, or an enantiomer thereof or a pharmaceutically 
25 acceptable salt thereof, to a patient. 

Compoimds according to the invention are agonists of nicotinic acetylcholine 
receptors. While not being limited by theory, it is believed that agonists of the a7 nAChR 
(nicotinic acetylcholine receptor) subtype should be useful in the treatment or prophylaxis of 
psychotic disorders and intellectual impairment disorders, and have advantages over 
30 compounds which are or are also agonists of the a4 nAChR subtype. Therefore, compounds 
which are selective for the a7 nAChR subtype are preferred. The compounds of the invention 
are selective for the al nAChR subtype. The compounds of the invention are intended as 
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phamaceuticals, in particular in the treatment or prophylaxis of psychotic disorders and 
intellectual impairment disorders. Examples of psychotic disorders include schizophrenia, 
mania and manic depression, and anxiety. Examples of intellectual impairment disorders 
include Alzheimer's disease, learning deficit, cognition deficit, attention deficit, memory loss, 
5 Lewy Body Dementia, and Attention Deficit Hyperactivity Disorder. The compounds of the 
invention may also be usefiil as analgesics in the freatment of pain (including chronic pain) 
and in the treatment or prophylaxis of Parkinson's disease, Huntington's disease, Tourette's 
syndrome, and neurodegenerative disorders in which there is loss of cholinergic synapses. The 
compounds may fiirther be indicated for the treatment or prophylaxis of jetlag, for use in 
1 0 inducing the cessation of smoking, and for the treatment or prophylaxis of nicotine addiction 
(including that resulting from exposvu-e to products containing nicotine). 

It is also believed that compounds according to the invention are useful in the 
treatment and prophylaxis of ulcerative colitis. 
Pharmacology 

1 5 The pharmacological activity of the compounds of the invention may be measured in 

the tests set out below: 

Jest A - Assay for affinity at a7 nAC hR subtype 

""l-g-Bungarotoxin fBTX^ binding to rat hiopocam pal membranes. Rat hippocampi 
were homogenized in 20 volumes of cold homogenization buffer (HB: concentrations of 

20 constituents (mM): tris(hydroxymethyl)aminomethane 50; MgCl2 1; NaCl 120; KCI 5: pH 
7.4), The homogenate was centrifiiged for 5 minutes at 1000 g, the supernatant was saved and 
the pellet re-extracted. The pooled supematants were centrifiiged for 20 minutes at 12,000 x g, 
washed, and resuspended in HB. Membranes (30-80 ^g) were incubated with 5 nM ['■*I]a- 
BTX, 1 mg/mL BSA (bovine serum albumin), test drug, and either 2 mM CaCl2 or 0.5 mM 

25 EGTA [ethylene glycol-bis(P-aminoethylether)] for 2 hours at 2 1 "C, and then filtered and 
washed 4 times over Whatman glass fibre filters (thickness C) using a Brandel cell harvester. 
Pretreating the filters for 3 hours with 1% (BSA/0.01% PEI (polyethyleneimine)) in water was 
critical for low filter blanks (0.07% of total counts per minute). Nonspecific binding was 
described by 100 ^M (-)-nicotine, and specific binding was typically 75%. 

30 Test B - Assay for affinitv to the r t4 nAChR subtype 
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p H1-(-)-mcotine binding. Using a procedure modified from Martino-Barrows and 
Kellar (Mol Pharm (1987) 31:169-174), rat brain (cortex and hippocampus) was homogenized 
as in the ["^I]a-BTX binding assay, centrifuged for 20 minutes at 12,000 x g, washed twice, 
and then resuspended in HE containing 100 |j.M diisopropyl fluorophosphate. After 20 
5 minutes at 4 ^C, membranes (approximately 0.5 mg) were incubated with 3 nM [3H]-(-)- 
nicotine, test drug, 1 jiM atropine, and either 2 mM CaCl2 or 0.5 mM EGTA for 1 hour at 4 
^^C, and then filtered over Whatman glass fibre filters (thickness C) (pretreated for 1 hour with 
0.5% PEI) using a Brandel cell harvester. Nonspecific binding was described by 100 14M 
carbachol, and specific binding was typically 84%. 
10 Binding data analysis for Tests A and B 

IC50 values and pseudo Hill coefficients (nn) were calculated using the non-linear 
curve fitting program ALLFIT (DeLean A, Munson P J and Rodbard D (1977) Am. J. 
Physiol., 235:E97-E102). Saturation curves were fitted to a one site model, using the non- 
linear regression program ENZFITTER (Leatherbarrow, R.J. (1987)), yielding values of 

15 1.67 and 1 .70 nM for the ^^H-a-BTX and [3H]-(-)-nicotine ligands respectively. Ki values 
were estimated using the general Cheng-PrusofF equation: 

Ki=[IC5o]/((2+([ligand]/Ko])")''"-l) 
where a value of n=l was used whenever nH<l 5 and a value of n=2 was used when n^^LS. 

Samples were assayed in triplicate and were typically ±5%. Kj values were determined using 
20 6 or more dmg concentrations. The compoimds of the invention are compounds with binding 

affinities (K^) of less than 1000 nM in either Test A or Test B, indicating that they are 

expected to have useful therapeutic activity. 

General Experimental Procedures 

Commercial reagents were used without further purification. Mass spectra were 
25 recorded using either a Hewlett Packard 5988A or a MicroMass Quattro-1 Mass Spectrometer 

and are reported as m/z for the jjarent molecular ion. Room temperatiu*e refers to 20-25 **C. 

Examples 

The following examples are preferred non-limiting examples embodying preferred 
aspects of the invention. 
30 Example 1 
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fR)-N-{ 1 -Aza-bicyclor2.2.21oct-3-vl)rZ-3-(phenvlthio)propenaniidel h ydrochloride 

To a stirred solution of r/y-l-Aza-bicyclo[2.2.2]oct-3-ylamine dihydrochloride (25 g, 
0.125 mol), 3-(phenylthio)acryIic acid (23.5 g, 0.13 mol), and diisoprcpylethylamine (90 ml) 
in dry DMF (600 ml) at ambient temperature was added in succession l-hydroxybenzoiriazole 
5 hydrate (17 g, 0.126 mol) and O-benzotriazol-l-yl-MMA^'. A/^'-tetramethyluronium 
tetrafluoroborate (40 g, 0.124 mol). The resuhing amber-colored solution was stirred 
overnight, diluted with water (1 vol), and extracted with ether (2x700 ml). The aqueous phase 
was made basic (pH 10) with 50% aqueous sodium hydroxide and extracted with chloroform 
(3x700 ml). The chloroform extracts were combined, washed with water, brine, dried over 
1 0 sodium sulfate and concentrated to dryness to give crude product as a syrup (40 g). The syrup 
was taken in isopropanol (IL), made acidic with gaseous HCL, and allowed to stand. The 
resulting solid was collected by filtration, recrystallized from isopropanol (2x), and dried in 
vacuo to give the title compound (8 g) as a white solid. MS (ES") 289. (MH*). 

Purification of the mother liquors firom above by chromatography on silica gel using 
1 5 ammoniated methanol/chloroform mixtures as the eluent gave r/?>-A^-(l-Aza- 
bicvclor2.2.21oct-3-yl)rE-3-(phenylthio)propenanaidel ; MS (ES*) 289. (MH*). 
Example 2 

fflJ-A/-(l-Aza-bicyclor2.2.21oct^3-vnrZ-3-(4-methvlphenvlthio)propenamide1 and 
rj?)-A/^-(l-A2a-bicyclor2.2.21oct-3-vl)rE-3-(4-methvlphenvlthio)propenamide1 
20 Employing essentially the same procedure as that described in Example 1 above but 

substituting 3-(4-methylphenylthio)acrylic acid for the 3-(phenylthio)acrylic acid and 
purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 
as the eluerit resulted in formation of the title compounds; MS (ES*) 303. (MH"). 
Example 3 

25 ^^j-jV-(l-Aza-bicyclor2.2.21oct-3-yl)rZ-3-(3-methylphenvlthio)pr openamideTand 
fflJ-jy-(l-Aza-bicyclor2.2.21oct-3-ynrE-3-(3-metfavlphenylth io)propenamide1 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(3-methylphenylthio)acryUc acid for the 3-(phenylthio)acTylic acid and 
purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 

30 as the eluent resulted in formation of the title compounds; MS (ES') 303. (MH'). 
Example 4 

r/;)-iV-(l-Aza-bicyclor2.2.21oct-3-yl)rZ-3-(2-methylphenylthio) propenamideland 
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(7?>M(l-Aza-bicyclof2.2,21oct-3-yl)fE-3-(2-methylphenylthio)propenam 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(2-methylphenylthio)acrylic acid for the 3-(phenylthio)acrylic acid and 
purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 
5 as the eluent resulted in formation of the title compounds; MS (ES^) 303. (MH"). 
Example 5 

(7t>"M(l-Aza-bicyclo[2.2.21oct-3'yl)rZ-3'(4-methoxyphenylthio)propenamide1 and 
ffl>)-A^-(l-Aza-bicyclof2.2.21oct-3-yl)rE-3*(4-methoxyphenylthio)propenamidel 

Employing essentially the same procedure as that described in Example 1 above but 
10 substituting 3-(4-methoxyphenylthio)acrylic acid for the 3-(phenylthio)acrylic acid and 

purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 
as the eluent resulted in formation of the title compounds; MS (ES'') 319. (MH"). 
Example 6 

(R)'N'{ 1 * Aza-bicyclof2.2.21oct-3-yl)rZ-3-(3'methoxyphenylthio)propenamide] and 
15 r/?>M(l'Aza-bicyclo[2.2.21oct>3-yl)rE-3-(3'methoxyphenylthio)propenamide] 

Employing essentially the same procedure as that described in Example 1 above but 
substitutiiig 3-(3-meth6xyphenyIthio)acrylic acid for the 3-(phenylthio)aciy lie acid and 
purifying by chromatography on silica gel using anunoniated methanol/chloroform mixtures 
as the eluent resulted in formation of the title compounds; MS (ESO 319. (MIT). 
20 Example 7 

^/?>M(l'A2a-bicyclor2.2.21oct-3-yl)fZ-3-(2-methoxyphenylthio)propenamide1 and 
^i?;-A^(l'Aza»bicyclo[2.2.21oct-3-yl)rE>3-(2-methoxyphenylthio)propenamide] 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(2-methoxyphenylthio)acrylic acid for the 3-(phenylthio)acrylic acid and 
25 purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 
as the eluent resulted in fomiation of the title compounds; MS (ES*) 319. (MIT). 
Example 8 

^/?j>A/'-(l-Aza-bicyclo[2.2.21oct-3"yl)rZ-3-(2-pyridylthio)propenamide] and 
^j?>-M(l-Aza-bicyclo[2.2.21oct«3-yl)rE-3'(2-pyridylthio)propenamide] 
30 Employing essentially the same procedure as that described in Example 1 above but 

substituting 3-(2-pyridylthio)acrylic acid for the 3-(phenylthio)acryhc acid and purifying by 
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chromatography on silica gel using ammoniated methanol/chloroform mixtures as the eluent 
resulted in formation of the title compounds; MS (ES') 290. (MH'). 
Example 9 

(Ri-N-{ 1 -A2a-bicyclor2.2.21oct-3-vnrZ-3-(4-pvridylthio)propenamidel and 
5 ^i;j-AA-(l-A2a-bicyclor2.2.21oct-3-yl)rE-3-f4-pvridvlthio)propenamidel 

Employing essentially the same procedure as that described in Example I above but 

substituting 3-(4-pyridylthio)acrylic acid for the 3-(phenylthio)acrylic acid and purifying by 

chromatography on silica gel using ammoniated methanol/chloroform mixtures as the eluent 

resulted in formation of the title compounds; MS (ES*) 290. (MH'). 
10 Example 10 

(KJ-iV-(l-Aza-bicyclor2.2.21oct-3-vnrZ-3-(2-pyrimidiny lthiok)ropenamide1 and 
r.R)-Wl-A2a-bicyclor2.2.21oct-3-vnrE-3-(2-pyrimidinylthio )propenamide1 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(2-pyrimidinylthio)acrylic acid for the 3-(phenylthio)acr>'lic acid and purifying 
15 by chromatography on silica gel using ammoniated methanol/chloroform mixtures as the 
eluent resulted in formation of the title compounds; MS (ES') 291. (MH'). 
Examplg^ir 

ffl)-AMl-Aza-bicyclor2.2.21oct-3-ynrZ-3-(2-methvl-3-fiiranylth io)propenamide]and 
^/?J-A/-(l-Aza-bicyclor2.2.21oct-3-vnrE-3-(2-methvl-3-fur anvlthio)propenamide1 
20 Employing essentially the same procedure as that described in Example 1 above but 

substituting 3-(2-methyl-3-£uranylthio)acrylic acid for the 3-(phenylthio)acr>-lic acid and 
purifying by chromatography on silica gel using ammoniated methanol chloroform mixtures 
as the eluent resulted in fortnatiori of the title compounds; MS (ES') 293. (MH'). 
Example 12 

25 r7g>-N-(l-Aza-bicyclof2.2.21oct-3-ynrE-3-(2-imidazolvlthio)propenamide1 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(2-imidazolylthio)acrylic acid for the 3-(phenylthio)acrylic acid and purifying 
by chromatography on silica gel using anmioniated methanol/chloroform mixtures as the 
eluent resulted in fomiation of the title compound; MS (ES') 279. (MH"). 

30 Example 13 

r/t)-N-(l-Aza-bicyclor2.2.21oct-3-Yl)rZ-3-(phenylthio)-3-(meth vl)propenamidel 
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Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(phenylthio)-3-methylacrylic acid for the 3-(phenylthio)acrylic acid and 
purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 
as the eluent resulted in formation of the title compound; MS (ES") 303. (MH'). 
5 Example 14 

(R)-N-(l-Aza-bicyclQ[2.2.21oct-3'yl)[Z-3-(2-ben20thiazolylthio)propenamide] and 
(R)'N-(l-A2a-bicyclof2.2.21oct-3-yI)[E>3-(2-benzothia2olylthio)propenamide] 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(2-benzothiazolylthio)acrylic acid for the 3-(phenyIthio)acrylic acid and 
10 purifying by chromatography on silica gel using ammoniated methane 1/chlorofomi mixtures 
as the eluent resulted in formation of the title compounds; MS (ES+) 346. (MH+). 
Example IS 

(R)-N-( 1 -Aza-bicyclor2.2.21octO-yl)rZ>3-( 1 -methyl'2'imidazolylthio)propenamide] and (R)- 
N-(l-A2a-bicyclo[2.2,21oct-3-yl)rE»3>(l-methyl-2-imidazolylthio)propenamidel 
15 Employing essentially the same procedure as that described in Example 1 above. but 

substituting 3-(l-methyl-2-imidazoIylthio)acrylic acid for the 3-(phenylthio)acryhc acid and 
purifying by chfbmatdgrap on silica gel using aiximbiiiated me rnixtures 
as the eluent resulted in formation of the title compounds; MS (ES+) 293. (MH+). 
Example 16 

20 (R)-N-(l-Aza-bicyclor2.2.21oct-3-yl)rZ-3-(5-methyUl,3,4-thiadiazol-2-ylthio)pro^ 
and 

(R>-N-(l-Aza-bicyclor2.2.21oct-3-yl)rE-3'(S-methyM3Athiadiazol-2-ylthio)propenamide] 
Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(5-methyM,3,4-thiadia2ol-2-ylthio)acrylic acid for the 3-(phenylthio)acrylic 
25 acid and purifying by chromatography on silica gel using ammoniated methanol/chloroform 
mixtures as the eluent resulted in formation of the title compounds; MS (ES-^) 311. (MH+), 
Example 17 

(RVN'(l-Aza-bicyclor2.2.21oct-3-yl)rZ-3-(4-chlorophenylthio)propenamide1 

Employing essentially the same procedure as that described in Example 1 above but 
30 substituting 3-(4-chlorophenyIthio)acrylic acid for the 3-(phenylthio)acrylic acid and 

purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 
as the eluent resulted in formation of the title compound; MS (ES+) 324,326. (MH+). 
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Example 18 

(R)-N-(l-A2a.bicyclof2.221oct-3-yl)rZ-3-(2-thiazolylthio)propenamide1 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(2-thia2olylthio)acrylic acid for the 3-(phenylthio)acrylic acid and purifying by 
chromatography on silica gel using ammoniated methanol/chloroform mixtures as the eluent 
resulted in formation of the title compound; MS (ES+) 296. (MH+). 
Example 19 

(R)-N-( 1 -Aza-bicyclof 2.2.21oct-3"yl)rZ'3-(2-thienylthio)propenamidel and 
(RVN-(l-Aza-bicyclor2.2.21oct.3-yl)rE-3-(2-thienylthio)propenamide1 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(2.thienylthio)acrylic acid for the 3.(phenylthio)acrylic acid and purifying by 
chromatography on silica gel using ammoniated methanol/chloroform mixtures as the eluent 
resulted in formation of the title compounds; MS (ES+) 295. (MH+). 
Example 20 

(R)-N'( 1 -Aza*bicyclor2.2.2]oct-3'yl)f Z-3-(2-benzoxazolylthio)propenamide] and 
(R)-N-( 1 -Aza-bicyclor2.2.21oct«3-yl)rE'3"(2-benzoxazolylthio)propenamide1 

Employmg essentiaily the same piroced^^^ as that described in Example 1 above but 
substituting 3-(2-benzoxa2olylthio)acrylic acid for the 3-(phenylthio)acryUc acid and 
purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 
as the eluent resulted in formation of the title compounds; MS (ES+) 330. (MH+). 
Example 21 

(R)«N-( 1 - A2a-bicyclof2 .2.21oct>3-yl)[Z-3-(4-trifluoromethyl'2-pyrimidinylthio)propenamide1 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(4-trifluoromethyl-2-pyrimidinylthio)acrylic acid for the 3-(phenylthio)acryIic 
acid and purifying by chromatography on silica gel using ammoniated methanol/chlorofomi 
mixtures as the eluent resulted in formation of the title compound; MS (ES+) 359. (MH-r). 
Example 22 

(R)-N-( 1 -Aza>bicyclo[2.2.21oct-3-yl)rZ>3-(4-fluorophenylthio)propenamide1 and 
(R)-N-(l-A2a-bicyclof2.2.21oct-3-yl)rE-3-(4-fluorophenylthio)propenamidel 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(4-fluorophenylthio)acrylic acid for the 3-(phenyIthio)acrylic acid and purifying 



wo 01/29034 - 1 8 - PCT/SEOO/01993 

by chromatography on silica gel using ammoniated methanol/chloroform mixtures as the 
eluent resulted in formation of the title compounds; MS (ES-i-) 307. (MH+). 
Example 23 

(R)-N-( 1 -Aza-bicyclor2.2.21oct-3-yl)rZo-(2-thiazolo[4,S-blpyridylthio)propenamide] and 
5 (R)'N-(NAza-bicyclof2.2.21oct-3-yl)rE-3-(2-thiazolor4.5-b1pyridylthio)propenamide] 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(2-thiazolo[4,5-b]pyridylthio)acrylic acid for the 3-(phenylthio)acrylic acid and 
purifying by chromatography on silica gel using ammoniated methanol/chloroform mixtures 
as the eluent resulted in formation of the title compounds; MS (ES+) 347. (MH+). 
10 Example 24 

(R)-N-(l'A2a-bicyclor2.2.21oct-3-yl)fZ-3-(3-fluorophenylthio)propenamide] and 
(R)-N-(l-A2a-bicyclo[2.2.21oct-3-yl)[E-3-(3-fluorophenylthio)propenamide] 

Employing essentially the same procedure as that described in Example 1 above but 
substituting 3-(3-fluorophenyIthio)acrylic acid for the 3-(phenylthio)acrylic acid and purifying 
1 5 by chromatography on silica gel using ammoniated methanol/chloroform mixtures as the 
eluent resulted in formation of the title compoxmds; MS (ES+) 307. (MH+). 
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CLAIMS 

1 . A compound of formula I, 



H R3 




11 III IV V 



10 R represents hydrogen or methyl; 

R' and R^ are independently hydrogen, or C1-C4 alkyl; 

R' and R* are independently hydrogen, C 1-C4 alkyl or S Ar. provided that at least one of 
R^ and R* represents SAr, 

Ar represents a 5- or 6-membered aromatic or heteroaromatic ring containing zero to 
1 5 three nitrogen atoms, zero or one oxygen atom, and zero or one sulfur atom or an 8-, 9- 

or lO-membered fiised aromatic or heteroaromatic ring system containing zero to four 
nitrogen atoms, zero to one oxygen atom, and zero to one sulfur atom which may 
optionally be substituted with one or more substituents selected fix)m: hydrogen, 
halogen, C1-C4 alkyl, C2-C4 alkenyl, C2-C4 alkynyl, aryl, heteroaryl, -C02R% -CN, - 

20 NO2, -NR*R', -CF3, -OR'; 

R*. R*, R\ and R* are independently hydrogen, C1-C4 alkyl, aryl, heteroar>'l, 

-C(0)R', -C(0)NHR'°, -C(0)R", -SO2R" ; or, 
R* and R' may together be (CH2) jQ(CH2)k where Q is O, S, NR'^ or, 
a bond; 
25 j is 2 to 7; 
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k is 0 to 2; 

R\ R*^ R'*, R'-, and R'\ are independently C1-C4 alkyU aryl, or heteroaryl; 
or an enaniiomer thereof, and the pharmaceutically acceptable salts thereof. 



5 2. A compound according to claim 1, wherein: 
A represents: 

R1 




II 

or an enantiomer thereof, and the pharmaceutically acceptable salts thereof. 
10 3. A compound according to claim 1 , wherein R\ R', and one of R^ are hydrogen. 



4. A compound according to claim I, wherein Ar is a 5- or 6-membered aromatic or 
heteroaromatic ring containing zero to three nitrogen atoms, zero or one oxygen atom, and 
zero or one sulfur atom, including phenyl, 2-pyridyl, or 2-pyrimidinyl, any of which may 

15 optionally be substituted with one or more substituents selected from: hydrogen, halogen, Cj- 
C4 alkyl, C2-C4 alkenyl, C2-C4 alkynyl, -C02R% -CN, -NO2. -NR'R', -CF3, -OR'. 

5. A compound according to claim 4, wherein Ar is an heteroaromatic ring. 

20 6. A compound according to claim 4, wherein Ar is a 6-membered aromatic or 
heteroaromatic ring containing zero to two nitrogen atoms. 

7. A compound according to claim 1, said compound being: 

N'i 1 - Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(phenylthio)propenamide] hydrochloride; 
25 N-{ 1 -Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-methylphenylthio)propenamide]; 

iV-(l-Aza-bicyclo[2.2.23oct-3-yl)[E-3-(4-methylphenylthio)propenamide]; 
A^(l-Aza-bicyclo[2.2.2]oct-3-yI)[Z-3-(3-methylphenylthio)propenamide]; 
//-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(3-methylphenylihio)propenamide]; 



wo 01/29034 - 21 - PCT/SEOO/01993 

yV-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-methylphenyUhio)propenamide]; 
N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-methylphenylthio)propenamide]; 
//-(l-Aza-bicyclo[2.2.23oct-3-yl)[Z-3-(4-methoxyphenylthio)propenamide]; 
N-( 1 -A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(4-methoxypheny!thio)propenamide]; 
5 N-i 1 -Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-methoxyphenylthio)propenaiiiide]; 

iV-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(3-methoxyphenylthio)propenamide3; 
N-( 1 - Aza-bicyclo[2.2.2]oct-3-y l)[Z-3-(2-methoxyphenylthio)propenamide] ; 
A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-methoxyphenylthio)propenamide]; 
iV-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyridylthio)propenamide]; 
10 N-il - Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-pyridylthio)propenamide]; 

N-i 1 - Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-pyridylthio)propenamide]; 
iV-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(4-pyridylthio)propenainide]; 
N-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyrimidinylthio)propenamide]; 
A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-pyrimidinylthio)propenainide]; 
15 N-il -Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-methyl-3-furanylthio)propenamide]; 

N-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-methyl-3-furanylthio)propenamide]; 
N-i 1 -Aza-bicyclb[2.2.2]oct-3-yl)[E-3K2-imidazolyltWo)prdpenamide]; 
A^-<l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(phenylthio)-3Kmethyl)propenamide]; 
Ar-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-benzothia2olylthio)propenamide]; 
20 N-i 1 - Aza-bicyclo[2.2 .2]oct-3-yl)[E-3-(2-benzothiazolylthio)propeiiainide]; 

N-i 1 -Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-( 1 -methyl-2-iinidazolylthio)propenamide]; 
A/^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(l-methyl-2-imidazolylthio)propenamide]; 
A^-(l.Aza-bicyclo[2.2.2]pct-3-yl)[Z-3-(5-methyl-l,3,4-thiadiazol-2- 

ylthio)propenamide]; 
25 N-il -Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(5-methyl- 1 3,4-thiadiazol-2- 

ylthio)propenainide]; 

N-i I .Aza-bicyclo[2.2.2]oct-3-yI)[Z-3-(4-chlorophenylthio)propenamide]; 

N-i 1 .Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-thiazolylthio)propcnamide]; 

N-i I -Aza-bicyclo[2,2.2]oct-3-yl)[Z-3-(2-thienyUhio)propenamide]; 

30 A^-( 1 -A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-thienylthio)propenamide]; 

A^.(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-ben2oxazolylthio)propenamide]; 

N^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-benzoxazolylthio)propenamide]; 



BNSOOCID: <WO_0129034A1,I. > 



wo 01/29034 " 2^ " PCT/SEOO/01993 

A'-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-trifluoromethyl-2-- 
pyrimidiny lthio)propenamide] ; 

A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-fluorophenylthio)propenamide]; 

A^-( 1 - Aza-bicyclo[2.2.2]oct-3-y l)[E-3-(4-fluorophenylthio)propenamide] ; 

A^(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-thiazolo[4,5-b]pyridylthio)propena^ 

^/?;-A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[EO-(2-thia2olo[4,5-b]pyrid^^^^ 

A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-fluorophenylthio)propenamide]; 

JV'-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(3-fluorophenyIthio)propenamide]; 

or an enantiomer thereof, and the pharmaceutically acceptable sahs thereof. 

8. A compound according to claim I , said compound being: 

^/?;-//-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(phenylthio)propenamide] hydrochloride; 

^i?>/^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(4-methylphenylthio)propenamide]; 

fK;-;V-(l-Aza-bicyclo[2.2.23oct-3-yl)[E-3-(4-methylphenylthio)propenamide]; 

(7?;-A^(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-methylphenylthio)propenamide]; 

^/?;-A^-(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(3-methylphenylthio)propenamide]; 

^i?;-Ar-(l -A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-methylphenylthi 

^i?;-//-(l-Aza-bicyclo[2.2.2]oct-3-yl)[EO-(2-methylphenylthio)propen^^ 

^/?;-7S^(l-A2a-bicyclo[2.2,2]oct-3-yl)[Z-3-(4-methoxyphenylthio)pr 

^i?;-M(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(4-methoxyphenylthio)propenamide]; 

^J?>-//-(l-Aza-bicyclo[2.2,2]oct-3-yl)[Z-3-(3-methoxyphenylthio)propenamide^ 

(7tl-A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3K3-methoxyphenylthio)propenamide] 

^7y.Ar-(i.Aza-bicyclo[2.2.2]oct-3ryl)[ZO-(2-methoxyphenylthio)pr^^ 

^7?;-7V-(l-A2a-bicyclo[2.2.2]oct-3«yl)[E-3-(2-methoxyphenylthio)propenamide]^ 

r/?>^^(l-Aza-bicyclo[2.2.21oct-3-yl)[ZOK2-pyridylthio)propenamide 

f/?>A^(l-Aza-bicyclo[2.2.2]oct-3-yl)[E-3-(2-pyridylthio)propenamide]; 

(RhN'{ 1 - Aza-bicyclo[2.2.2]oct.3-yl)[Z-3-(4-pyridylthio)propenamide] ; 

^/j;-iV-(l-A2a-bicyclo[2.2-2]oct-3-yl)[E-3-(4-pyridylthio)propenamide]; 

(K>A^-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyrimidinylthio)propenamide]; 

(7?>//-(l-Aza-bicyclo[2.2.2]oct-3-yI)[E-3-(2-pyrimidinylthio)propenamide]; 

(7?;-A^-(l-Aza-bicyclo[2.2.2]oct-3-yI)[ZO-(2-methylO-furanylthio)propenamide]^ 

^/?>//-(l-Aza-bicyclo[2.2.2]octO-yl)[EO-(2-methyIO-furanylthio)prope 
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('/f>A^.(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2.imidazolylthio)propenamide 
^/?>-A^(l-Aza-bicyclo[2.2.2]oct-3-yI)[Z-3-(phenyIthio)-3-(methyl)^^ 
(7f>//.(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-benzothiazolylthio)pro^ 
^iJ;-A/^( 1 -Aza-bicyclo[2.2.2]oct.3-yl)[E-3-(2-beiizothiazol^^ 

/7?;-A^(l -Aza-bicycIo[2.2.2]oct-3.yl)[Z-3-( 1 -inethyl-2-imidazolylthio)propenamide]; 

^i?;-A^-(l-Aza-bicyclo[2.2.2]octo-yl)[E-3-(l-methyl-2-imida2oIylt^^ 

r/e>A^-(l-A2a.bicyclo[2.2.2]oct-3-yl)[Z-3-(5-methyl-13,4-thiadi^^ 

ylthio)propenamide] ; 

|7y-N.(l-Aza-bicyclo[2.2.2]octO-yl)[E-3-(5.methyl-13AthiadiM^ 

ylthio)propenamide] ; 

^/?>A^-(l.Aza-bicyclo[2.2.2]oct-3.yl)[Z-3K4-chlorophenylthio)propen^^ 

^i?;-A/-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z.3-(2-thiazolyltW^ 

^/?>A^(l-Aza-bicyclo[2.2.2]octO-yl)[Z-3-(2-thienyIthio)propena^^ 

fK;-Ar-(l-Aza-bicyclo[2.2.2]oct-3.yl)[EO-(2-thienylthio)propen 

^i?;-N-(l-A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-benzoxazolyIthio)propena^^ 

('/?;-A^-(l-A2a-bicyclo[2.2.2]oct-3.yl)[E-3-(2-benzoxazolylthio)propenam^^ 

r^/-A^.(l-Aza.bicycl6[2.2.2]octo-yl)£Z-3-(^^^ 

pyrimidiny lthio)pFopenamide] ; 

^/{>iV-(l-A2a.bicyclo[2.2.2]oct-3-yl)[Z-3-(4-fluorophenylthio)prope 
^/?;-A/^(l-Aza-bicyclo[2.2.2]oct-3-yl)[E.3-(4-fluorophenylthio)prop^^ 
(7?>-N-(l-A2a-bicyclo[2.2.2]oct.3-yl)[ZOK2-thia2olo[4,5.b]pyridylthio)p 
(7?>-iV-(l.A2a-bicyclo[2.2.2]oct-3-yl)[EOK2-thia2olo[4,5-b]pyri 

1 -A2a-bicyclo[2.2.2]oct-3-yl)[Z-3-(3-fluorophenylthi 
fR>iV-(l-A2a-bicycIo[2.2.2]oct-3.yl)[E-3-(3-fluorophenylthio)prop^^ 
or an enantiomer thereof, and the phannaceutically acceptable salts thereof. 

9. A compound according to claim 1 , said compound being: 

^/?;-//-(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyridylthio)propenamide]; 

^7?;-A^(l-A2a-bicyclo[2.2.2]oct-3-yl)[E-3-(2-pyridylthio)propenamide 

(7?>A^.(l-Aza-bicyclo[2.2.2]oct-3-yl)[Z-3-(2-pyrimidinylthio)propenamide]; 

or an enantiomer thereof, and the pharmaceutically acceptable salts thereof. 
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10. A compound according to any one of claims 1 to 9 for use in therapy. 

11. A pharmaceutical composition including a compound as defined in any one of claims 
1 to 9, in admixture with an inert pharmaceutically acceptable diluent or carrier. 

5 

12. The pharmaceutical composition according to claim 1 1 , for use in the treatment or 
prophylaxis of psychotic disorders or intellectual impairment disorders. 

13. The pharmaceutical composition according to claim 1 1, for use in the treatment or 

10 prophylaxis of human diseases or conditions in which activation of the a7 nicotinic receptor is 
beneficial. 

14. The pharmaceutical composition according to claim 1 1 for use in the treatment or 
prophylaxis of Alzheimer's disease, learning deficit, cognition deficit, attention deficit, 

1 5 memory loss. Attention Deficit Hyperactivity Disorder, Lewy Body Dementia, anxiety, 
schizophrenia, or mania or manic depression, Parkinson's disease, Huntington's disease, 
Tourette's syndrome, neurodegenerative disorders in which there is loss of cholinergic 
synapse, jetlag, cessation of smoking, nicotine addiction including that resulting from 
exposure to products containing nicotine, pain, or ulcerative colitis. 

20 

15. The pharmaceutical composition according to claim 1 1, for use in the treatment or 
prophylaxis of Alzheimer's disease, learning deficit, cognition deficit, attention deficit, Lewy 
Body Dementia, memory loss or Attention Deficit Hyperactivity Disorder. 

25 16. The pharmaceutical composition according to claim 1 1 , for use in the treatment or 
prophylaxis of anxiety, schizophrenia, or mania or manic depression. 

17. The pharmaceutical composition according to claim 1 1, for use in the treatment or 
prophylaxis of Parkinson's disease, Huntington's disease, Tourette's syndrome, or 
30 neurodegenerative disorders in which there is loss of cholinergic synapses. 
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18. The pharmaceutical composition according to claim 1 1 . for use in the treatment or 
prophylaxis of jetlag, nicotine addiction including that resulting from exposure to products 
containing nicotine, pain, or ulcerative colitis. 

5 1 9. The pharmaceutical composition according to claim 1 1 , for use in the treatment or 
prophylaxis of Alzheimer's disease. 

20. Use of a compound as defined in any one of claims 1 to 9 in the manufacture of a 
medicament for the treatment or prophylaxis of psychotic disorders or intellectual impairment 

10 disorders. 

21 . The use of a compound as defined in any one of claims 1 to 9, in the manufacture of a 
medicament for the treatment or prophylaxis of human diseases or conditions in which 
activation of the a7 nicotinic receptor is beneficial. 

15 

22. The use of a compound as defined in any one of claims 1 to 9, in the manufacmre of a 
medicament for the treatment or prophylaxis of Alzheimer's disease, learning deficit, 
cognition deficit, attention deficit, memory loss. Attention Deficit Hyperactivity Disorder. 
Lewy Body Dementia, anxiety, schizophrenia, or mania or manic depression. Parkinson's 

20 disease, Huntington's disease, Tourette's syndrome, neurodegenerative disorders in which 
there is loss of cholinergic synapse, jetlag. cessation of smoking, nicotine addiction including 
that resulting from exposure to products containing nicotine, pain, or ulcerative colitis. 

23. The use according to claim 22. wherein the condition or disorder is Alzheimer's 
25 disease, learning deficit, cognition deficit, attention deficit, memory loss, Lewy Body 

Dementia, or Attention Deficit Hyperactivity Disorder. 

24. . The use according to claim 22, wherein the disorder is anxiety, schizophrenia, or 
mania or manic depression. 
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25. The use according to claim 22, wherein the disorder is Parkinson's disease, 
Huntington's disease, Tourette's syndrome, or neurodegenerative disorders in which there is 
loss of cholinergic synapses. 

5 26. The use according to claim 22, wherein the condition or disorder is Alzheimer's 
disease. 

27. The use according to claim 22, wherein the condition or disorder is jetlag, nicotine 
addiction including that resulting from exposure to products containing nicotine, pain, and for 
1 0 ulcerative colitis. 



28. A method of treatment or prophylaxis of psychotic disorders or intellectual 
impairment disorders, which comprises administering a therapeutically effective amount of a 
compound as defined in any one of claims 1 to 9. 

15 

29. A method of treatment or prophylaxis of human diseases or conditions in which 
activation of the a7 hicotihic i^eceptbr is b^eficial which comprises administering a 
therapeutically effective amount of a compound as defined in any one of claims 1 to 9. 

20 30. The method according to claim 28 or claim 29, wherein the disorder is Alzheimer's 
disease, learning deficit, cognition deficit, attention deficit, memory loss. Attention Deficit 
Hyperactivity Disorder, Lewy Body Dementia, anxiety, schizophrenia, mania or manic 
depression, Parkinson's disease, Huntington's disease, Tourette's syndrome, 
neurodegenerative disorders in which there is loss of cholinergic synapse, jetlag, cessation of 

25 smoking, nicotine addiction including that resulting from exposure to products containing 
nicotine, pain, or ulcerative colitis. 



30 



31. The method according to claim 28 or claim 29, wherein the disorder is Alzheimer's 
disease, learning deficit, cognition deficit, attention deficit, memory loss, Lewy Body 
Dementia, or Attention Deficit Hyperactivity Disorder. 
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32. The method according to claim 28 or claim 29, wherein the disorder is Parkinson's 
disease, Humington's disease, Tourette's syndrome, or neurodegenerative disorders in which 
there is loss of cholinergic synapses. 

5 33. The method according to claim 28 or claim 29, wherein the disorder is anxiety, 
schizophrenia or mania or manic depression. 

34. The method according to claim 28 or claim 29, wherein the disorder is jetlag. nicotine 
addiction, pain, and for ulcerative colitis. 



10 



35 . The method according to claim 28 or claim 29, wherein the disorder is Alzheimer's 
disease. 



BNSOOCtD: <WO_01290MA1.L> 



1 

INTERNATIONAL SEARCH REPORT 



Intcmaiional application No. 
PCT/SE 00/01993 



A. CJLASSiriCATION Of SUBJtCT VIAITER 

IPC7: C07D 453/02, C07D 451/04, A61K 31/439, A61K 31/46, A61P 25/00 

According lo iniernational Paieni Classificaiion (IPC) or to boih naiional class ificaiion and IPC 

B. f lELDS SEARCHED 

Minimum documentaiion searched (classification system followed by classification symbols) 

IPC7: C07D, A61K 

Documentation searched other than minimum documeniatiun to the extent that such documents are included in the fields searched 

SE,DK,FI,NO classes as above 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Gtalion of document, with indication, where appropriate, or the relevant passages 


Relevant to claim No. 


X 


WO 9420465 Al (GLAXO S.P.A.), 15 Sept 1994 

(15.09.94), see claims and page 5, lines 14-32 


1-12,14-20, 
22-28,30-35 


X 


STN International, File CAPLUS, CAPLUS accession 
no. 1995:904880, Document no. 124:649, 
Kostochka, L.M: et al : "Synthesis and local 
-anesthetic activity of tropane enamides and 
amides"; & Khim.-Fann. Zh. (1995), 29(3), 
40-2 


1-11,14,18, 
22,27,30,34 


A 


WO 9801443 Al (SMITHKLINE BEECHAM S.P.A. ET AL), 
15 January 1998 (15.01.98) 


1-35 



{ xl further documents are listed in the continuation of Box C. | )(| See patent family annex. 



* Special calcgoncs oi aied documenLs: 

"A" aucumeni defining ihc genera} siaic of the art u-hich is not consdered 

to be of particular reievance 
"E* earlier apphcauon or patent but published on or after the iniematsonal 

tihng dale 

"L" document which may throw doubts on pnoniy claintfs) or which is 
aled to establish ihe publicauon date oi another aiauon or other 
spcaal reason (as spcafied) 

"O" document rcjcmng lo an oral disclosure, use, exhibition or other 
means 

"P" document pubhshed pnor to the miemauonaJ filing date but later than 
the pnoniy date claimed 



later document publishea after the miemational lUmg date or pnoniy 
date and not in conilici \\i\h the apphcauon but atcd to understand 
the pnnaplc or theor> underlying the invention 

document ol particular relevance: the claimed mvenuon caimoi be 
conadered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of parucular relevance: the claimed in\'ention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combinauon 
being obvious to a person skilled in the an 

document member oi 'Jie same patent family 



Date ofllie actual completion of the international search 
26 January 2001 


Date of mailing of the international search report 

0 2 -?.2- 2C01 


Name and mailing! address oftJie IS.A 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 


Authorized oHicer 

Nebil Gecer/EO 

Telephone No. + 46 8 ?82 25 00 



Form PCT. ISA 210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 




Form per ISA 210 (conlinuaiion of second sheet) (July 1998) 

BNSDCXSID <WO_0129034A1_L> 



INTERNATIONAL SEARCH REPORT 



IntemationaJ ^splication No. 
PCT/SE 00/01993 



Box I Observations where certain claims were fonnd unsearchable (Continuation of item 1 of first sheet) 



This international search repon has iK>t been established in respect of certain claims under Article I7(2Xa) for the following leasons: 

1. 13 Claims Nos.: 28-35 

because they relate to subject matter not required to be searched by this Authority, namely: 

see nex^ shee^ 



2. Q Claims Nos.: 

because they relate to parts of the intemationaJ application that do not comply with the prescribed requirements to such 
an extent that no meaningful intemationaJ search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted m accordance with the second and thvd sentences of Rule 6.4(a). 



Box n Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Autlxvity found multiple inventions in tliis international application, as follows: 



1. Q As all required additional search fees were timely paid by tiic applicant, this imemationai search report covers all 

searchable cidms. 

2. Q As all searchable claims could be searched witiiout effort justifying an additional fee, this Autiiority did not invite payment 

of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicanL this international search report 

covers only those claims for which foes were paid, specifically claims Nos.: 



4. No required addtional search fees were timely paid by the applicant. Consequently, this international search report is 

restricted to the invention first mentioned in the claims: it is covered by claims Nos.: 



Remark on Protest 



I I The additional search fees were accompanied by the applicant's ;Hx>test. 
I I No protest accompanied the payment of additional search fees. 



Form PCT/ISA/2 10 (comimiation of first sheet(l))(Julyl998) 



INTERNATIONAL SEARCH REPORT 
Infbrmaiion on patent family members 


27/12/00 


Intcrnalic 

PCT/SE 


►nal application \o, 

00/01993 


Patent document 1 Publication 
cited in search report. j date 


Pau-.-.-i family 
tT.. nber(s) 


Publication 
date 


wo 9420465 Al 15/09/94 


AU 
EP 
GB 
IL 
JP 
US 
ZA 


6257594 A 
0699186 A 
9304500 D 
108859 0 
8507300 T 
5686461 A 
9401483 A 


26/09/94 
06/03/96 
00/00/00 
00/00/00 
06/08/96 
11/11/97 
11/11/94 



WO 



9801443 Al 15/01/98 



AU 


3620597 A 


02/02/98 


BR 


9710230 A 


10/08/99 


CA 


2259598 A 


15/01/98 


CZ 


9900037 A 


11/08/99 


EP 


0914321 A 


12/05/99 


GB 


9614367 D 


00/00/00 


XL 


127668 D 


00/00/00 


JP 


2000514074 T 


24/10/00 


NO 


990080 A 


08/01/99 


PL 


330994 A 


21/06/99 


ZA 


9706064 A 


08/02/99 


GB 


9626697 D 


00/00/00 


GB 


9626700 D 


00/00/00 


HU 


9903310 A 


28/05/00 


AD 

Ar 


AAA A 

OHO M 


25/05/98 


AP 


9701029 D 


00/00/00 


AU 


4536096 A 


31/07/96 


BG 


101769 A 


30/04/98 


BR 


9606743 A 


30/12/97 


CA 


2209936 A 


18/07/96 


CZ 


9702176 A 


18/03/98 


EP 


0802902 A 


29/10/97 


FI 


972919 A 


09/09/97 


HU 


9901096 A 


28/07/99 


IT 


1272878 B 


01/07/97 


IT 


MI950030 A,U,V 


10/07/96 


JP 


10512251 T 


24/11/98 


NO 


973178 A 


09/09/97 


PL 


321263 A 


24/11/97 


SK 


93297 A 


04/02/98 


US 


5981525 A 


09/11/99 


IT 


MI951687 A 


03/02/97 


IT 


1255467 B 


02/11/95 


IT 


MI921851 D 


00/00/00 


JP 


7010872 A 


13/01/95 



WO 



9621644 Al 18/07/96 



EP 



0581165 A2 02/02/94 
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